Avoidance of Apoptosis in Alzheimer's Disease.
Internucleosomal DNA fragmentation, which is a well-known feature of apoptosis but not an absolute criterion for identifying apoptosis (1), has often been observed in the brain tissue of Alzheimer's disease (AD). However, classical apoptotic morphology such as nuclear condensation, membrane blebbing and apoptotic bodies are seldom seen in AD brain. In this issue of Journal of Alzheimer's Disease, Velez-Pardo et al. have reported the DNA fragmentation using terminal dUTP labeling (TUNEL) in postmortem brains of familial AD with presenilin-1 [E280A] mutation. Importantly, no classical apoptotic morphology has been observed also in the brains of presenilin-1 familial AD. Furthermore, Velez-Pardo et al. have shown that there is no obvious correlation between DNA fragmentation and the severity of amyloid deposition as well as between DNA fragmentation and the severity of neurofibrillary tangle formation. An apoptotic pathway only takes several hours or at most a few days for completion. In the development of the lateral motor column of the chick embryo, 8,000 cells out of 20,000 cells die, i.e. loss of 40% of the population occurs within 3 days (2). The fact that only 5% of the population in the lateral motor column is undergoing apoptosis at any particular time in this period (2) indicates that apoptotic pathway requires about 10 hours for completion. In a striking contrast with the physiologically programmed cell death, loss of 40% of the population occurs (3,000 neurons out of 7,000 neurons per 50 micron-thick section are lost) within 10 years in the temporal cortex neurons of AD (3). If we suppose that 20-40% of neurons of the temporal cortex are undergoing degeneration at any given time in the course of AD, an individual neuron in the temporal cortex of AD requires 5-10 years to die. Indeed, we can observe neurons displaying many of the features of apoptosis in AD. This fact argues that neurons in AD have mounted an effective defense to apoptotic death (an avoidance of apoptosis) rather than actual completion of apoptosis (4,5). It is noteworthy that nucleic acid oxidation occurs widely in vulnerable neuronal populations in AD (6) and oxidative damage can directly cause DNA fragmentation (7). Therefore, DNA damage possibly resulting from oxidative stress involves vulnerable neurons in AD beyond the distribution of amyloid deposition or neurofibrillary tangles, which may be related to neuronal cell death occurring independently of the classical AD pathology (3).